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Kaskaskia Mutual Dredged Channel near  Bondville, Illinois. Approximate bottom 
width 10 feet. Picture taken April 1925. 
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shspe; for yaiiaiion in size. see Figure 23, F. 
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Condition, ar described above, hut a i t h  summer foiiase, and threefourths 
oflength of battorn mwmd with Short weeds. 

Description of channel 
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Old Town Creek Dredged Channel near  Tupelo, Mississippi.  Approximate bottom 
width 10 feet. Picture taken 1914. 
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Mud Creek Dredged Channel near  Tupelo, Mississippi.  Approximate bottom 
width 10 feet. Picture taken 1913. 
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1 Arernge maximum depth at banrful stags. 

Dredged Ditch No. 18 of Cypress Creek Drainage District  near  Arkansas City, 
Arkansas.  Approximate bottom width 10 feet .  Picture taken March 1925. 
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Ditch No.  1 of Little River Drainage District  near Chaffee, Missouri .  Approximate 
bottom width 10 feet. Picture taken April 1923. 

Ditch No. 1 of Little River Drainage District  near  Chaffee, Missouri .  Approximate 
bottom width 10 fee t .  Picture taken December 1925. 

I 
CWrar, straight: 8w feet long. Cioas redion, very little Tsriation in shape: 

for ~Bnatlon in size, SBB RgUre 18. D. Side slopel, quite regular Bouam 
18irIy regular. Sd!, park, heavy, tenacious clay. Condition, new& 
cleared channel, uraotieally no vegetation. Conatncfed, December, 1914. 

'Noa.291925~ 6 . 6 ' n . 4  81.7 115.0 0.71 3.66 n. 2 0.069 Same Channel m above with about 2 yean' growth of willows. (PI. 21. C.) 
: N o r . 2 3 : 1 9 2 5 '  7 .4  28.7 99.6 136.5 73 3.98 26.4 073 ! ............... 18 .0  l . . ~~~- . ]  .......... l . . ~ ~ ~ ~ ~ ~ l ~ ~ :  .... 1 .... ~~~~1 ........... I..: ..... 1 

I Average mslimum depth at bankful stage. 
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Allen Creek Dredged Channel near  Missouri Valley, Iowa. Approximate bottom 
width 15 feet. Picture taken 1917. 

Course, straight: 794 feet long. Cross section, practically n/i variation in 
shape; for ia i ia l iun iz EIcO. see 86. U. .I. Side dopes ,  smnotn and regular. 
Bottom, even and rqula:. Soil, hear;, dark, silty loani. Conddton. 
pmctically no ~egetmlon ln channel; bottom Covered w i t h  W to 1 font n i  
mu* siilos c o v ~ r e d  nitlr Silt of  limy and sliupeiy nature which was no 
doubt prmipallg responsible for low value Of n.  Candiuclsd. ~umnier of 
1916. (PI. 11, A and fig. 8, I.) , - 

1 Averare m ~ w n u m  depth dt bnnkfui stage. 

The per imeter  of the channel was coated with slippery mud. 

Pigeon Creek Dredged Channel near  Cresent,  Iowa. Approximate bottom width 
15 feet. Picture taken in 1917. 



Kaskaskia River Dredged Channel near Sadorus, Illinois. Approximate bottom 
width 15 feet. Picture taken May 1926. 

Description of  channel 

Jan. 18,1926 

Apr. '7.1926 4 s . 4  236.8 1 . 9 2 ,  4 . 3 5 ,  .ma 

~ 

5 .  2 i 37.6 1 249. I 130. 6 1. 91 3.15 1 O.Wo382 Course. crooked; * feet, long. C m s a  secfion, considerable ,VBIintion in 
shsw for variation In S i z e  5- fig. 20, 11. Bde slwea very lrregUlBr and 
me& Ballom, f a i i l i  e& and regular. Shl lo& perf, brill bluish 
gray clay. which is hard. mry ,  and slii,mry n i i h e  bottom: upper part, 
gray silt Loam. Cond%<on, very iou% wmth and stubble on upper ~ e r t  
of slopes, none 011 l o y r  part: eiiannei cleared in SepfemMr, 1925. Can. 
afrucied,iMT;vegetarioneutabouteier)Zyenrl. (Pi.26.C a i id f ip19 ,a . )  

~ Feb. 26,1926 6.2 43.0  321.0 169.5 1.89 ~ 3.58 1 woM5 
~ Feb. 25.1926 415.6 210.0 1.98 4 . 0 1  :wOSl: 1 :it 1 

i i 

slope covered With Weeds, rlght Slope Vith WillOWS. BlCBPt 

x ~ v e r a g e  maximum depth at bankful stage 

Camp Creek Dredged Channel near Seymore, Illinois. Approximate bottom width 
15 feet. Picture taken July 1927. 

Description of channel 

i 
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Two Mile Slough Dredged Channel near  Sadorus, Illinois. Approximate bottom 
width 15 feet. Picture taken April 1925. 

sepr. 5, ,976 6 . 1  I 30.5 i i . 2  126.8 . wO279 . 1W 

SIpf. 11. 1YX 41.3 170.8 222.2 . 77 ~ 4.75 1 . a30308 ,105 
~~ ........ ~ 1 9 . 5  ........ .......... .._.____ ..~~~.. ........ .... ~~ .--. ........ 
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Desaiption of channel 

lor variation in si~e, see Fi~ure 20, E. 

lower PBrt vellovish gray d ~ y ;  upper part dark-may silt ionm. Condi- 
lion, dead'$eeds and stubble on side s1opes; ehsnnel had been cleared 
Shortly hefore March, iY25. Canstiuctrd, 1885: redredged about IW. 

East  Lake Fork Dredged Channel near Ivesdale, Illinois. Approximate bottom 
width 15 feet. Picture taken July 1927. 

Desdation of channel 

7 

shor ing  some tendency to  cave; hruh  
811 vegctntiau. (PI. 26, B.1 



Stewart Branch Dredged Channel near Champaign, Illinois. Approximate bottom 
width 15 feet. Picture taken October 1926. 

Description of  ehnnnei 

-. 

~ ........ ~ ..... 

I Average maximum depth at bankful stage. 

Lateral Ditch No. 15 near Bement, Illinois. Approximate bottom width 15 feet. 
Picture taken April 1925. 

, 
Description of channel 

Msr. 26,1925 1.8 15.0 17.8 ~ 18.0 0.99 ' 1.16 0. WO512 0.034 ' Cmrrir straight- 1 WO feet long. 00s mtim pr8ctidly no variation in 
~ a r .  1s 1925 2 6  17.3 26.1 , 30.5 .m 1.65 .ma .wo shapk. for vaAaiim in size see fig. 20, K. '  Bde  slapes, quite regular. 
Mar. 14:1925 3.8 20.0 53.4 1.46 239 .mu7  SO^& somewhat irrepular: sou iomr part slippery gr81 eiay. uppu 

67.0 1.P 2i8 .WOli5 : dB~  Part, &wish tan silty clay loam. ihndaion, g&d; dead weeds pr&tidly 
(P1. 30, A and 

4 4  21.3 
tlst on Side slopes. 
fig. 19. K.) 

Consiiuded, 189% redredged, 1922. 
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Sals Creek Rock Channel near Ancell, Missouri. Approximate bottom width 15 
feet .  Picture taken March 1924. 

3 5 . 6  3.21 1 1.  Q2 I 0.001898 

56. ti 4.07 2.69 .W?872 
63.3 4.10 2 . 1  .W2690 
61.1 4. 3s 2.91 .GO2913 

42.0 3 .48  2.19 I .W1898 
45.0 3.49 1 2.30 . W l i i O  

0.030 1 Cauise. straight: 250feet long. Cross b d ~ t i o n ,  ver? little rariation in shape: 
,081 , lo? ,.ariation in s i ~ e ,  see fig. 18, F. Side 8iopes. !uiili,regulai. Bottom. 
,030 ~ quite even and regular. Soil, limmtone rock. Condition, same channel 
,087 ~ m above, enlaxed and Smoothed by hand. CDnstnLdbd, December, 1922. 

,036 

(PI. 23, C and 0. 17, F.) 

,033 ~ 

,034 
033 

,031 
:035 1 

Channel near Bethel Springs, Tennessee. Approximate Cypress Creek Dredge1 
bottom width 15 feet .  Picture taken 1917. 



Sugar Creek Dredged Channel near Henderson, Tennessee. Approximate bottom 
width 15 feet. Picture taken 1917. 

Desmiglion t , i  channel 

liil: ' 1.9 17.3 23.1 Couisr,689feetlong; firilhalfstrnighf.1asthalfeuried. Crob8aertion,reri  
1Yl: ' 2. 1 1:. 5 22.3 l i t t le variation in shape: fur raristions in size. SEC fig. J, 1. Slide slonrs, 
1Vli 1 2. 6 13. 2 63. 6 upper part, smooth and regular: Ion-er part, rather rough Bottom, w r i  
I!lli 3. 5 19.4  118.0 rough and iriegtilai with numerous hales. Soii. s t i f f  clay loam: does not 
,417 6.3 2:. 2 3 ?ash easlli. Condllion, sonx rootsexlending from sides of channel; very 

1917 6.6 28. a 3 rough condition Of bottom is mainly responsible for high i i i lues of n ob- 
,!>I7 6.9 m.2 3 tained. (PI. 8, Band fig, 5 ,  I.) 

1917 1 6.1 27.4 3 

1917 I i. 1 29.9 4 

htfle vegrliilion in channel. Consiiuded, Dee., 1915. Himarks, 'er) 

- 
1 krerage mniimum dPPlh at banh'ul ctage 

Huggins Creek Dredged Channel near Finger,  Tennessee.  Approximate bottom 
width 15 feet. Picture taken 1917. 

I- -,- ~ ~~~~ 

18.9 , 48. 1 3 5 . 4  i 1.39 ~ 1.72  O.OWi38 0.040 Course, Straight; 613 feet long: part of 1916 course. Condition. channel in 
I Y .  6 , 63.2 40.3 1.56 I. X i  W O i l 3  037 considerably worse condi l i~n  lilan irhen Grit series of measurements were 
m.1 ' hh.2 ' 16.0 1 1.92 2.06 ' :WUWMS YO37 msde; inoieirreb.ulniandioughduetacaringbanBsnndBerealdealmors 
20.2 ! 68.4  1 47 0 i 88 2.09 i . wO831 ~ ,036 vegetstion 111 channel. (PI. 3, I and fig. 6, H.) 
2 0 . 8  l b ? i  " :9 \  ? .061 2.311 .000835 ,036 

2 2 . 2  I 143.6 64.a i 2.23 , 2. ji I .mosi7 I yo36 ~ 

2 1 . 1 ~  mr, a ~ s i  Y . G  2.0 . o m n 2 '  0361 



Back Swamp Dredged Channel near  Lumberton, North Carolina. Approximate 
bottom width 15 feet. Picture taken in 1915. 

De~eription of rhiinnei 

1.22  ' 
1. i 7  
2. 51 
2.98 

1.43 ~ 

3.34 i 
3.34 1 

Chawappah Creek Dredged Channel near Shannon, Mississippi.  Approximate 
bottom width 15 feet. Picture taken 1913. 
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Coonewah Creek Dredged Channel near  Shannon, Mississippi.  Approximate 
bottom width 15 fee t .  Picture taken in 1913. 

Deswiptian of channel 

1 A*veraze maaimurn depth at bankful stage. 

West  Branch of Salt Fork  Dredged Channel near  Urbana, Illinois. Approximate 
bottom width 20 feet. Picture taken April 1925. 

Description 01 ohannel 

12 I Average maximum depth a t  bankhl stage. 



West  Branch of Salt Fork Dredged Channel near  Urbana, Jllinois . Approximate 
bottom width 20 feet. Picture taken July 1924. 
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South Forked Deer River Dredged Channel near Henderson, Tennessee. Approximate 
bottom width 20 feet .  Picture taken in 19 16. 

Desmrption of channel 

, 
,~ ~ 

~~ 

conire, straight: 024 feet long. Ciosa section, veryilttle variation in shape; 
Battam, 

Sod. henry C l W  
Condition, PractlcaIiYno Yegetationin 

for variationinsize, see Fig. 6, C. , S d a  slopes, illghtiy irregular. 
fairly repulai uneven in "lace wlth Sm?ll deP*ess@n%. 
near bottorn:bayloamnear top.  
channel. Comtirded, Naiember, 1914. (PI. 7 ,  B a n d  fig. 5, c.) 

~ 

: Average maximum depth at bankful stage. 

Lake Fork Special Dredged Channel near Bement, Illinois. Approximate bottom 
width 25 feet. Picture taken July 1924. 

i Sicand- l f t .  pe 
Feel Feel /re1 S'C. 

~ Sept. 17.1926 6.8 48.8 1 lh5 .1  ~ %",I", 0.84 

i l u g .  25, 1924 8.0 52.2 , 259. 7 282.3 . 82 
Segi. 6. 19?6 , 8.5 S.6 244.4 ' 309.6 . i 9  i ~ e p r .  5,1926 , 9.2 5 5 . 2  252 5 347.7 . h l  
Sept. 13. 1926 ~ 9. ti 56. I ~ 319.7 372.2 ~ 80 
Sopt. 10. IY26 ! 12.0  61.6 495.2 1 311.0 , 197 

sept. 7.1926 7.4  50.8 192.2 2 s . 7  ' . 7 F  

DesmiDtion of channel 

Feet ~ ~ 

4.20 O.wO24i 
4 60 .wO?44 
4.94 ' . wO286 ~ 

5.27 .MW239 i 

5.86 'wO214 
7 . 3 3  1 : M I 2 3 6  

0.075 I 

,104 I 
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Lake Fork  special  Dredged Channel near  Bement, Illinois. Approximate bottom 
width 25 feet .  Picture taken November 1925. 

Bogue Hasty Dredged Channel near Shaw, Mississippi.  Approximate bottom width 
25 feet. Picture taken in 1915. 
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Bogue Hasty Dredged Channel near  Shaw, Mississippi.  Approximate bottom width 
25 feet .  Picture taken March 1926. 

Wes t  Bogue Hasty Dredged Channel near  Shaw, Mississippi.  Approximate bottom 
width 25 feet. Picture taken August 1924. 



South Forked Deer River-Old Straight Channel-Jackson, Tennessee. Approximate 
bottom width 25 feet .  Picture taken in 1916. 

~~ ~~ ~~~~~~ ~~~~~ 

I A i e r a ~ e  murimum dcj i r t i  at  bnnh!ui iiape. 

Horseshoe Bayou Dredged Channel near  Cleveland, Mississippi. Approximate 
bottom width 25 fee t .  Picture taken May 1924. 



South Forked Deer River Dredged Channel at Cambells Levee - Jackson, Mississippi. 
Approximate bottom width 30 feet. Picture taken in 1916. 

Dfseiiption of channel 

~ ~- ~~ ~ 

I .47e;age ~ O J I T I I U I ~  deD;h at  hanh'iil stabrc. 

Dredged Ditch No. 1 near Shaw, Mississippi.  Approximate bottom width 30 feet .  
Picture taken March 1926. 



South Forked Deer River-Old Crooked Channel-Jackson, Tennessee. Approximate 
bottom width 30 feet .  Picture taken 19 16 .  

Average marimurn depth at bank-:ul! stage. 

Cunmins Lake Dredaed Channel near Gould; Arkansas.  Approximate bottom 
width 30 feet 

- 
Picture taken March 1926. 

41.1  ~ 1 2 6 . 5 '  115.8 1 1.11 a,?! 2W.i  l i 4 . R  1.301 
53. i ~ 245. B 202.0 1.22 ~ 

63.1  -:9.1 fY0 .4 '  1 . 4 2 ;  
61.3 iM.1 , 482.8 1.77 ~ 

b i . 3  ~ 787.4 ' j 3 3 . 5  ' 1.62 
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Cummins Lake Dredged Channel near  Gould, Arkansas.  Approximate bottom 
width 30 feet. Picture taken June 1926. 

k," 
1. 87 
2.04 
2.18 
2.70 
3.04 

Description of channel 

Fed 
5.76 O . w w 9 4  
6.50 . w w 9 4  
8.84 . wwsfi 
7.m .wO124 
7.55 .&MI65 

South Forked Deer River Dredged Channel near  Roberts, Tennessee. Approximate 
bottom width 40 feet .  Picture taken in 1916. 

Description of channel 
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Boyer River Dredged Channel near Missouri Valley, Iowa. Approximate bottom 
width 40 feet. Picture taken in 1917. 

Main Dredged Channel near Vero, Florida.  Approximate bottom width 40 feet .  
Picture taken in 19 17 . 
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Ditch No .  19 near  Winchester, Arkansas .  Approximate bottom width 45 fee t .  
Picture taken July 1926. 

Description of channel 

Bogue Phalia Dredged Channel near  Helm, Mississippi.  Approximate bottom width 
45 feet. Picture taken in 1915. 

Description of channel 

! 



Main Dredged Channel near Fellsmere, Florida. Approximate bottom width 45 
feet. Picture taken in 1917. 

Description of channel 

~ 

I A Y L W ~  mailmum depth bankfui s I m e  

Dredged Ditch No. 43 of Cypress Creek Drainage District near Arkansas City, 
Arkansas. Approximate bottom width 55 feet. Picture taken July 1926. 

l e d  b e t  * . / l .  ~ sec. 

70.4 2%. 1 2 a . o  1.w ~ 

6b.2 l i o .7  2 c f . 5  0.73 

71.1 871.1 836.2 1.10 
83.0 I, l7h.2 660.0 1.78  
85.1 9in.B 8 7 0 2  , 1 . 3 4  
26. 0 1,401. I 1 SY3. !a 2. 02 
X i .  1 1,645. i ! 743.0 2.22 
87.7 1.3ii.c iM.3 , 1.79 
yo.4 1.78x.i  8 S . Y  ' 199 
9s. 6 3.460.8 ,I, 2 s  Y 1 2: 7: 
QQ.7 J.W.1 '1 316.2 2.33 

1W. 8 3,386 5 1: 346.0 1 2.51 
1W.S 3,40:.5 il.346.7 1 2.53 

' 

DeSaiption of 0haOne1 

. """ 

.02n 
,031 
,030 . 02s . 0% 
030 
,030 

I 1 

23 I Average maximum depth a t  bankfui stage. 



Bogue Phalia Natural Channel near  Heads, MisqisSippi . Approximate bottom width 
80 feet .  Picture taken March 1926. 

- 

Descrigtion of channel 

~~ ~ 

I Areraee mna:mum depth at hanh!ui stable. 

Natural Channel of Embarrass  River near  Charleston, Illinois. Approximate 
bottom width 100 feet. Picture taken in  1926. 

Description of chnnoel 

Cour8r. straight 1 WO feet long. Oars seoian, ~ e r y  little s aria ti on in 
shape; lor v*ri%n in %%el see tig. 20, d. Side 'lopes, somewhat irregular. 
Bottom, faxi,- even and regular. soil, lower "srt, lieht may silty dsj; 
upper part. light tan silt loam. Condilion. botfrlm eomiiaistively clean 
Bnd $mouth, upper part of Side S,"l,ed coaered W i t h  iarge trees; natlirs1 
channel. (PI. 24, A and tig, 19, A,)  

An estimate of 'h" for this channel with no growth on the banks would be 0.025 



=ACE 

SLIPPLEMENT B 

HYDRAULICS 

This supplement expands and augments subsection 4.4 of the 
Hydraulics Section of the.Engineering Handbook. 

The objective of Supplement B is to present a systematic pro- 
cedure for the estimation of n values for use in hydraulic computa- 
tions associated with natural streams, floodways and drainage chmnels. 

This method of estimating roughness coefficients was developed by 
Woody L. Cowan.  Mrs. Vivian Edwards typed the manuscript. 

August 1, 1956 



B . l  

T h i s  supplement describes a method for estimating the roughness 
coefficient n for use in hydraulic computations associated with natural 
streams, floodways and similar streams. The procedure proposed applies 
to the estimation of n in Manning's formula. This formula is now widely 
used, it is simpler to apply than other widely recognized formulas and 
has been shown to be reliable. 

Manning's formula is empirical. The roughness coefficient n is 
used to quantitatively express the degree of retardation of flow. The 
value of n indicates not only the roughness of the sides and bottom of 
the channel, but also all other types of irregularities of the channel 
and profile. 
factors causing retardation of flow in a reach of channel under considera- 
tion. 

In short, n is used to indicate the net effect of all 

There seems to have developed a tendency to regard the selection of 
n for natural channels as either an arbitrary o r  an intuitive process. 
This probably results from the rather cursory treatment of the roughness 
coefficient in most of the more widely used hydraulic textbooks and hand- 
books. The fact is that the estimation of n requires the exercise of 
critical judgment in the evaluation of the primary factors affecting n. 
These factors are: irregdarity of the surfaces of the channel sides 
and bottom; variations in shape and size of cross sections; obstructions; 
vegetation; meandering of the channel. 

The need for realistic estimates of n justifies the adoption of a 
systematic procedure for d i n g  the estimates. 

Procedure for estimating n. The general procedure for estimating 
n involves; first, the selection of a basic value of n for a straight, - .  
uniform, smooth channel in the natural materials involved; then, through 
critical consideration of the factors listed above, the selection of a 
modifying value associated with each factor. The modifying values are 
added to the basic value to obtain n for the channel under consideration. 

In the selection of the mndifying values associated with the 5 
primary factors it is important that each factor be examined and consider- 
ed independently. 
that n represents a quantitative expression of retardation of flow. 
Turbulence of flow can, in a sense, be visualized as a measure o r  indicator 
of retardance. 
ercised if it is recognized that as conditions associated with any factor 
change 80 as to induce greater turbulence, there should be an increase in 
the madlfying value. 
of modifying values for each factor la given under the following procedur- 
al steps. 

In considering each factor, it should be kept in mind 

Therefore, in each case, more critical judgment may be ex- 

A discusaion and tabulated guide to the selection 



B.2 

1st step. Selection of basic n value. This s tep  requires the selec- 
t ion  of a basic n value for a s t ra ight ,  uniform, smooth channel i n  the 
natural  materials involved. The select ion involves consideration of w h a t  
may be regarded as  a hypothetical channel. The conditions of s t r a igh t  
alignuent, uniform cross section, and smooth side and bottom surfaces with- 
out vegetation should be kept i n  mind. Thus the  basic n w i l l  be visualized 
as varying only with the materials forming the s ides  m d  bottom of the 
channel. The minimum values of n shown by reported t e s t  r e su l t s  f o r  t he  
best  channels i n  ear th  are i n  the range from 0.016 t o  0.018. 
l imitat ions associated with maintaining smooth and uniform channels i n  
ear th  for  any appreciable period indicate  that  0.02 i s  a r e a l i s t i c  basic n. 
The basic n, as it i s  intended for use i n  t h i s  procedure, for natural o r  
excavated channels, may be selected from the tab le  below. Where the  bottom 
and sides of a channel are of d i f fe ren t  materiala this f a c t  may be recog- 
nized in  select ing the basic n.  

Prac t ica l  

Character of channel B a s i c  n 

Channels i n  ear th  0.02 
Channels cut in to  rock 0.027 
Channels i n  f i n e  gravel 0.024 
Channels i n  coarse gravel 0.028 

2nd step. Selection of modifying value f o r  surface i r r egu la r i ty .  The 
select ion i s  t o  be based on the degree of roughness or i r r egu la r i ty  of the 
surfaces of channel s ides  and bottom. 
ty; first, i n  re la t ion  t o  the degree of surface smoothness obtainable with 
the natural  materials involved, and second, i n  re la t ion  t o  the depths of flow 
under consideration. Actual surface i r r egu la r i ty  comparable t o  the  best  sur- 
face t o  be expected of the natural  materials involved ca;Us f o r  a modifying 
value of zero. Higher degrees of i r r egu la r i ty  induce turbulence and c a l l  f o r  
increased modifying values. 
select ion.  

Demee of i r r egu la r i ty  Surfaces comparable t o  Modifying value 

Consider the actual  surface i r regular i -  

The table below may be used as a guide t o  the 

Smoth The best  obtainable for  the 
materials involved. 0.000 

Minor Good dredged channels; s l i g h t l y  
eroded or scoured s ide slopes 
of canals or drainage channels. 0.005 

Fai r  t o  poor dredged channels; 
moderately sloughed or eroded s ide  
slopes of canals or drainage 
channels. 0.010 

Badly sloughed banks of natural  
channels; badly eroded or sloughed 
sides of canals or drainage channels; 
unshaped, jagged and i r regular  sur- 
faces of channels excavated i n  
rock. 0.020 

Moderate 

Severe 
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Selection of modifying value for variations in shape 
and size of cross sections. In considering changes in size of cross 
sections judge the approximate magnitude of increase and decrease in 
successive cross sections as compared to the average. Changes of con- 
siderable magnitude, if they are gradual and uniform, do not cause 
significant turbulence. The greater turbulence is associated with 
alternating large and small sections where the changes are abrupt. The 
degree of effect of size changes may be best visualized by considering 
it as depending primarily on the frequency with which large and small 
sections alternate and secondarily on the magnitude of the changes. 

3rd step. 

In the case of shape variations, consider the degree to which the 
changes cause the greatest depth of flow to move from side to side of 
the channel. Shape changes causing the greatest turbulence are those 
f o r  which shifts of the main flow from side to side occur in distances 
short enough to produce eddies and upstream currents in the shallower 
portions of those sections where the maximum depth of flow is near 
either side. 
ing guide: 

Selection of modifying values may be based on the follow- 

Character of variations in size and 
shape of cross sections Modifying value 

Changes in size or shape occurring 
gradually 0.000 

Large and small sections alternating 
occasionally or shape changes causing 
occaalonal shifting of main flow from 
side bo side 0.005 

Large and small sections alternating 
frequently o r  shape changes causing 
frequent shifting of main flow from 
side to side 0.010 to 

0.015 

4th stee. Selection of modifying value f o r  obstructions. The 
selection is to be based on the presence and characteristics of ob- 
structions such as debris deposits, stumps, exposed roots, boulders, 
fallen and lodged logs. 
ed in other steps are not re-evaluated or double-counted by this step. 

Care should be taken that conditions consider- 

In judging the relative effect of obstructions, consider: the 
degree to which the obstructions occupy or reduce the average cross 
sectional area at various stages; the character of obstructions, 
(Sharp-edged or angular objects induce greater turbulence than curved, 
smooth-surfaced objects); the position and spacing of obstructions 
transversely and longitudinally in the reach under consideration. 
The following table may be used a6 a guide to the selection. 
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Relative effect of obstructions Modifying value 

Negligible 
Minor 
Appreciable 
Severe 

0.000 
0.010 to 0.015 
0.020 to 0.070 
0.040 to 0.060 

5th step. Selection of modifying value for vegetation. The re- 
tarding effect of vegetation is probably due primarily to the turbulence 
induced as the water flows around and between the limbs, stems and foliage, 
and secondarily to reduction in cross section. As depth and velocity in- 
crease, the force of the flowing water tends to bend the vegetation. 
Therefore, the ability of vegetation to cause turbulence is partly relat- 
ed to its resistance to bending force. Furthermore, the amount and 
character of foliage; that is, the growing season condition versus dormant 
season condition is important. In judging the retarding effect of vegeta- 
tion, critical consideration should be given to the following: the height 
in relation to depth of flow; the capacity to resist bending; the degree 
to which the cross section is occupied or blocked out; the transverse and 
longitudinal distribution of vegetation of different types, densities and 
heights in the reach under consideration. 
as a guide to the selection: 

Vegetation and flow conditions Degree of Range in modify- 
comparable to: effect on n ing value 

Dense growths of flexible turf grasses 
or weeds, of which Bermuda and blue grasses 
are examples, where the average depth of 

The following table may be used 

flow is 2 to 3 times the height of vegetation. Low 0.005 to 0.010 

Supple seedling tree switches such as willow, 
cottonwood or salt cedar where the average 
depth of flow is J to 4 times the height of 
the vegetation. 

Turf grasses where the average depth of 
flow is 1 to 2 times the height of vegetation. 

Stemmy grasses, weeds o r  tree seedlings with 
moderate cover where the average depth of 
flow is 2 to 3 times the height of vegetation. 

Brushy growths, moderately dense, similar to 
willows 1 to 2 years old, dormant season, 
along side slopes of channel with no signif- 
icant vegetation along the channel bottom, 
where the hydraulic radius is greater than 
2 feet. 

Medium 0.010 to 0.025 
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Turf grasses where the average 
depth of flow is about equal to 
the height of vegetation. 

Dormant season, wi l low o r  cotton- 
wood trees 8 to 10 yeacs old, inter- 
grown with some weeds and brush, none 
of the vegetation in foliage, where 
the hydraulic radius is greater 
than 2 feet. High 0.025 to 0.050 

Growing season, bushy willows about 
1 year old intergrown with some weeds 
in full foliage along side slopes, no 
significant vegetation along channel 
bottom, where hydraulic radius is 
greater than 2 feet. 

Turf grasses where the average depth 
of flow is less than one half the 
height of vegetation. 

Growing season, bushy willows about 
1 year old, intergrown with weeds in 
full foliage along side slopes; dense 
growth of cattails along channel 
bottom; any value of hydraulic radius 
up to 10 or 15 feet. Very high 0.050 to 

Growing season; trees intergrown 
with weeds and brush, all in full 
foliage; any value of hydraulic 
radius up to 10 or 15 feet. 

0.100 

A further basis for judgment in the selection of the modifying 
value for vegetation may be found in Table 1 which contains descrip- 
tions and data for actual cases where n has been determined. In each 
of the cases listed in Table 1 the data were such that the increase 
in n due to vegetation could be determined within reasonably close 
limits. 

6th step. Determination of the modifying value for meandering 
The modifying value for meandering may be estimated as of channel. 

follows: 
Steps 2 through 5 to obtain the subtotal of ns. 

Add the basic n for Step 1 and the modifying values of 
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Let tS = the straight length of the reach under consideration. 

= the meander length of the channel in the reach. & m 
Compute modifying value for meandering in accordance with the folloving table 

Ratio Degree of Modifying 
meandering value 

1.0 to 1.2 Minor 0.000 
1.2 to 1.5 Appreciable 0.15 ns 
1.5 and Severe 0.30 ng 

greater 

Where lengths for computing the approximate value of 
obtainable the degree of meandering can usually be Judged reasonably 

are not readily 

7th step. Computation of n for the reach. The value of n for the reach 
is obtained by adding the values determined in Steps 1 through 6. 
tration of the estimation of n is given in Example 1. 

Dealin# with cases where both channel and flood plain flow occurs. 

An illus- 

Work with natural streams and floodways often requires consideration of 
a wide range of discharges. At the higher stages both channel and overbank 
or flood plain flow are involved. Usually the conditions are such that the 
channel and flood plain will have different degrees of retardance and, there- 
fore, different n values. In such cases the hydraulic computations will be 
improved by dividing the cross sections into parts or subdivisions having 
different n values. 

The reason for and effect of subdividing cross sections is to permit 

The usual practice is to divide 

More than two subdivisions may be made if 

the composite n for the reach to vary with stage above the bankfull stage. 
This effect is illustrated by Example 2. 
the cross section into two parts: one subdivision being the channel portion 
and the other the f lood plain. 
conditions indicate wide variations of n. 
aspects of the problem, more than three subdivisions would not normally be 
justified. 

However, in view of the practical 

In estimating n for the channel subdivision, all of the factors dis- 
cussed above and all of the procedural steps would be considered. Although 
conditions might indicate some variation of n with stage in the channel, it 
is recommended that an average value of n be selected for use in the hy- 
draulic computations for all stages. 

In the case of flood plain subdivisions, the estimate of n would con- 
sider all factors except meandering. 
all of the procedural steps except Step 6. 
normally be somewhat greater than the channel values. 
plain conditions are not likely to indicate an n less than 0.05 to 0.06. 
Many cases will justify values in the 0.07 to 0.09 range and cases calling 
for values as high as 0.15 to 0.20 may be encountered. 
apply primarily because of the relatively shallow depths of flow. The two 

That is, the estimate would employ 
Flood plain n values w i l l  

Agricultural flood 

These higher values 
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factors requiring most careful consideration are obstructions and vege- 
tation. 
fences to be evaluated as obstructions in Step 4. 
would be judged on the basis of growing season conditions. 

Field and office work. 

Many agricultural flood plains have fairly dense networks of 
Vegetation probably 

It is suggested that field parties record adequate notes on field 
conditions pertinent to the five factors affecting n at the'time cross 
section surveys are being made. The actual estimates of n may then be 
made in the office. This will require training of both field and 
office personnel. 
considered in the estimate of n apply to a reach of channel and flood 
plain. It is not adequate to consider only those conditions in the 
immediate vicinity of a cross section. 
With cross sections located as shown, field notes should describe the 
channel and flood plain conditions through the reach indicated as a 
basis f o r  estimating the n values (assuming subdivided sections) to 
be incorporated in the hydraulic computations at Section 2. 

The conditions to be covered by field notes and 

Note the sketch on Figure B.1. 

Figure B.2 shows a sample set of notes that illustrate the type 
of field information to be recorded as a basis f o r  estimating n. 
Field men should be trained to recognize and record in brief state- 
ments those conditions that are necessary for realistic evaluation 
of the five factors discussed under procedural Steps 1 to 6. 

Example 1. Estimation of n for a reach. 

This example is based on a case vhere n has been determined so 
that comparison between the estimated and actual n can be shown. 

Channel: Camp Creek dredged channel near Seymour, Illinoisj 
see USDA Technical Bulletin No. 129, Plate 29-C for photo- 
graph and Table 9, page &, for data. 

Description: Course straightj 661 feet long. Cross 
section, very little variation in shape; variation in 
size moderate, but changes not abrupt. Side slopes 
fairly regular, bottom uneven and irregular. Soil, 
lower part yellowish gray clay; upper part, light 
gray silty clay loam. Condition, side slopes cover- 
ed with heavy growth of poplar trees 2 to 3 inches in 
diameter, large willows and climbing vines; thick 
growth of water weed on bottom; s m e r  condition with 
vegetation in full foliage. 

Average cross section approximates a trapezoid with 
side slopes about 1.5 to 1 and bottom width about 10 
feet. At bankfull stage, average depth and surface 
width are about 8.5 and 40 feet respectively. 
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Step Remarks Modifying values 

1 Soil materials indicate m i n i m  basic n. 0.02 

2 Description indicates moderate irregularity. 0.01 

3. Changes in size and shape judged insignificant. 0.00 

4. No obstructions indicated. 0 .oo 
5. Description indicates very high effect of 0.08 

vegetation. 

6. Reach described as straight. - 0.00 

Total estimated n 0.11 

USDA Technical Bulletin No. 129, Table .9, page 96, gives the following 
determined values for n for this channel: for average depth of 4.6 
feet n = 0.095; for average depth of 7.3 feet n = 0.104. 

Example 2. Effect of subdividing cross sections. 

The sole purpose of this example is to illustrate the effect of 
subdividing sections on the value of n for the complete section. It is 
not an illustration of hydraulic computations for determining water s u r -  
face profiles o r  stage-discharge relationships. 

This illustration is based on the following: 

1. An actual stream cross section for which curves 
showing depth versus area and depth versus hydraulic 
radius for the channel and flood plain subdivisions 
and for the complete section are plotted on Figure B.3 .  
Values of n are: for the channel subdivision 0.04; for 
the flood plain subdivision 0.08. 

2. The conditions of uniform, steady flow are assumed. 

Manning's formula is handled in accordance with Leach's 
method. See Handbook of Hydraulics, McGraw-Hill Book 
Company, 3rd edition, page 534; 4th edition, page 8-65. 

Notation: 
Q = discharge - cfs 

a = cross section area - ft. 
r = hydraulic radius, ft. 

p =wetted perimeter, ft. 

so= channel slope, ft. per ft. 

n = roughness coefficient 

2 
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a r 'I3, then 1.486 Let K = - d n 

Assume the conditions are such that it is desirable to recognize 
more than one subdivision, each having a different n. Let subscripts 
1, 2, and 3 refer to the section subdivisions and subscript t to the 
total section. 

From equation B.2 

at rt ' I3;  therefore Also: 1.486 
s,1/2==$=- "t 
" 

1.486 at rt '1' 
=d 

nt' 

Table B.2 shows the computations for Example 2 and Figure B . 3  
shows a plot of roughness coefficient for the complete section verdu 
depth. 

In natural streams n normally shows a minor decrease as stage in- 
creases up to, or somewhat above, the bankfull stage, then appreciably 
increases as overbank stage increases. When n is significantly dif- 
ferent for different parts of the cross section, subdivision of the 
cross section, as a basis for making the computations, automatically 
causes nt to vary with stage above the bankfull stage. This is true 
although nt is not computed in methods for determining water surface 
profiles. 
Example 2 for illustrative purposes, shows considerable increase with 
stage above the 10-foot depth and that this increase is automatically 
recogniaed by subdivision of the cross section. 

The plot of hydraulic radius on Figure B.3 illustrates a typical 

Note on Figure B.3 that nt, which has been computed in 

characteristic of natural streams. Note that the hydraulic radius for 
the complete section increases up to bankfull depth, then decreases 
through a limited range of depth, and again increases as depth of over- 
bank flow increases. 

This example also illustrates that recognition of high retardance 
for flood plain subdivisions by the use of relatively high n values does 
not cause n for the complete section, nt, to be unreasonably high. In 
this case, the channel and f l o o d  plain are assigned n values of 0.04 
and 0.08. 
Figure B.3 .  

The value of % ranges up to 0.072 as shown by Table B.2  and 



Table B.l Examples of e f f e c t  of vegetation on n .  (Sheet 1 of 3) 

Example Names and Descriptions of Channels. Names, P la tes  and Tables Range i n  Range i n  Average Modifying 
No. Refer t o  USDA Technical Bul le t in  No. 129, November 1929 mean hydraulic value value 

veloci ty  radius n 

1. Fountain Head dredged channel near Champaim, I l l i n o i s ;  
P la te  31-B and C, Table 9. Average cross sect ion of 

about 8 ft., top width about 30 f e e t .  2.59 2.42 
channel resembles a parabola. A t  bankfull  stage depth 2.09 t o  1.73 t o  

a .  Dormant season. Dry weeds on s ide  slopes, no vegeta- 
t i o n  on bottom. Retarding e f f ec t  of vegetation negl ig ib le .  

b.  Growing season, otherwise vegetation same as  above. 
Heavy growth of weeds and grass i n  f u l l  fo l iage  on s ide  slopes.  

2 .  Cummins Lake dredged channel near Gould, Arkansas; P l a t e  1 8 - B  
and C, Table 7.  Average cross sect ion of channel resembles a 
parabola. A t  bankfull s tage depth about 13 f t . ,  top width 
about 75 f e e t  . 0.55 t o  2.41 t o  

1.82 6.25 

a .  Side slopes moderately i r r egu la r  from erosion and slough- 
ing; estimated n for channel without vegetation 0.075. 

Dormant season. Willows about one year old and 6 t o  10 
f e e t  high continuous along s ide  slopes except f o r  about 
the  upper th i rd  of s ides .  No growth i n  a s t r i p  about 20 
f e e t  wide along bottom. 

b .  

No fo l iage .  

c .  Growing season, otherwise vegetation same as above. Willows 
and some weeds i n  f u l l  fol ibge.  No vegetation along bottom. 

0.0>6 

0.072 

0.006 

0.021 

0.057 



Table B . l  Examples of e f fec t  of vegetation on n .  (Sheet 2 of 3 )  
-~ 
Example Names and Descriptions of Channels. Names, Plates  and Tables Range i n  Range i n  Average Modifying 
No. Refer t o  USDA Technical Bul le t in  No. 129, November 1929 mean hydraulic value value 

veloci ty  radius n 

7 .  Lateral  Ditch No. 15 near Bement, I l l i n o i s ;  P la te  3O-A, B 
and C, Table 9. Average cross sect ion i s  p rac t i ca l ly  a 
trapezoid with wide slopes about 1.1 and bottom wid th  and 
depth each about 10 f ee t .  0.28 t o  1.16 t o  

a. Dormant season. Dead weeds p rac t i ca l ly  f l a t  on s i d e  

1.71 5.61 

slopes; no dead growth i n  bottom. 

b. Dormant season. Bushy willows about 1 year old and 
dead weeds on s ide slopes.  No vegetation along 
bottom of channel. No fol iage.  

c.  Growing season. Vegetation ssme as b, above, except 
willows and weeds i n  f u l l  fol iage.  No vegetation on 
bottom. 

d.  Growing season. Bushy willows and weeds i n  full fo l iage  
along side slopes.  Dense growth of c a t t a i l s  along bottom. 

Ditch No. 18 of Cypress Creek drainage d i s t r i c t  near Arkansas 
City, Arkansas; P l a t e  17-B and C, Table 7. 
section i s  approximately t r iangular ;  a t  bankfull stage depth 
about 13 f t . ,  top width about 70 f e e t .  

a. Dredged channel about 8 years old.  Side slopes moderate- 

Average cross 

0.47 t o  1.91 t o  
1 .oa 6.23 

l y  i r regular .  
vegetation 0.035. 

Estimated n fo r  the channel without 

b .  Dormant season. Prac t ica l ly  the e n t i r e  reach covered 
Some dry with t rees ,  mostly willows and cottanwoods. 

weeds and brush. No fol iage.  

0.033 

0.075 0.022 

0.072 0.039 

0.119 0.086 

0.061 0.026 
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k Table B . l  Examples of e f f ec t  of vegetation on n.  (Sheet 3 of 3 ) 

Average Modifyin@ Example Names and Descriptions of Channels. Names, Pla tes  and Tables Range i n  Range i n  
No. Refer t o  LISDA Technical Bul le t in  N o .  129, November 1929. mean hydraulic value value 

ve loc i ty  radius n 

c .  Growing season. Vegetation described under b; i n  f u l l  
fol iage . 0.103 0.068 

5. Lake Fork special  dredged channel near Bement, I l l i n o i s ;  
P la te  25-A, B, and C, Table 9. Average cross sect ion i s  
approximately parabolic; a t  bankfull  s tage depth a b o u t , l j  0.79 t o  7.55 t o  
f t . ,  top width about 65 t o  70 f e e t .  1.65 7.33 

a .  Dormant season. Channel cleared; p rac t i ca l ly  no 
vegetation of any type i n  channel. 

b .  Dormant season. Densely growing, bushy willows con- 
tinuous along s ide  slopes; some poplar saplings 
scat tered among willows. No growth i n  a s t r i p  20 
t o  30 f e e t  wide along bottom. No f o l i q e .  

c .  Growing season. Vegetation described under b; i n  
f u l l  fo l iage .  

6. Ditch No. 1 of L i t t l e  River drainage d i s t r i c t  near Chafee, 
Missouri; P la te  21-B and C, Table 8. Average cross section 
trapezoidal,  s ide  slopes about 1.1, bottom width about 10 ft . ,  0.68 t o  2.00 t o  
depth about 8 f e e t .  1.51 4.26 

a. Channel newly cleared, p rac t i ca l ly  no vegetation 

b. Dormant season. Dense, bushy willows continuous along 
s ide  slopes; no fo l iage .  No vegetation along bottom 
of channel. 

0.031 

0.071 0 . O M  

0.092 0.061 

0.031 

0.071 0.040 



Table B.2 Computations f o r  Example 2. 

t a r r .I3 K~, r 213 K n r a t t  t cKa 2 2 2 
Depth a r r 4 3  K ~ ,  

I 1 1 

0 .o 0 0.00 0.300 0 0 0.00 0.000 0 0 0  0.00 0.000 0 0.000 

4.7 90 3.35 2.250 7450 0 0.00 0.000 0 7450 90 3.33 2.230 298 0.040 
7.8 180 5.29 3.056 20290 0 0.00 0.000 0 20250 180 5.29 3.036 810 0.040 
9.7 240 7.06 3.680 5190 750 1.06 1.040 14500 46400 990 1.31 1.197 1760 0.058 

13.7 360 10.59 4.822 64400 3855 4.58 2.758 197000 261400 4213 4.82 2.854 17850 0.069 
11.7 300 8.82 4.269 47500 2238 2.88 2.024 w o o  131500 2x8 3.14 2.144 8090 0.062 

16.7 450 13.22 5.591 93400 64% 7.08 3.687 444000 537400 6938 7.30 3.763 38750 0.072 

a2 r2 '1' = 18.58 a2 r2 213 Ka, = 0.480 
1.486 

K nt = - 
Kd 





Figure 8.2 Sample notes on roughness conditions. 

1. Cbannd: boffom width 20 to 
40 ff., s i d e  dopes  / fo  / f o  
3 fo /; d e p f h  range B fo  I2 ff. 

a. Botfom: small pot holes andbars; 
averaqe qrode fair/y uniform. 
Some smoll/oqs and roofs a ffecf 
/ow flows. 

fair/y rouqh. 

siderab/eshopP chonqes'bbutgrodual 
over ZOO io  400 f t .  

d Veqefofion: very little boffom: 

sides mostly qrass a d  weeds w i t h  

occasional pofchcJ d e w  brush 
3 t o  5 ft hiqh. 

0 

0 

0 
6. Bonks: some slouqhinp and erosion, 

c. &lition: size fair/y uniform; con- 

0 

0 2. L e f f  flood p /a in :  less fhan /O % 
cultivafed in sma/l fields; few fence>; 

50 fo 60 % brushy wi fh s r n d  frees; 
remainder scoffered open arms 
wifh bunch prasses and weeds. 

0 

Notes on Pou9hness By; J.Dw 

S e c f i o n  2, Creek 
3 Conditions. 

3. Right f loodplain: a t  least 90 % 
3 

3 

3 

3 

3 

culft'vafed, rnosflq row crops and 
some JmaN qrain; smal l  fields; 
8 or 10 fronaverse fencea with 
brushy or weedy fence rows. 
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